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ZOOM LENS AND IMAGING DEVICE 



Specification 



Technical Field 

The present invention relates to a zoom lens and an 
imaging device equipped therewith, said zoom lens being 
suitable for the imaging optical system of digital input 
and output devices such as digital still cameras and digi- 
tal video cameras on account of its compact size and vari- 
able power. 

Background Art 

Recent years have witnessed the wide diffusion of the 
imaging devices, such as digital still cameras, which are 
equipped with a solid-state imaging element. Digital still 
cameras are required to have an improved image quality as 
they become popular more than before. Particularly, those 
digital still cameras equipped with a solid-state imaging 
element having a large number of pixels need an imaging 
lens, especially a zoom lens, with good image- forming per- 
formance. They are also required to be small in size, and 
hence there is a strong demand for a small -size high- 
performance zoom lens. (See Japanese Patent No. 2750775 
[Patent document 1] ) On the other hand, attempts are being 
made to reduce the size of the zoom lens in the direction 
of an optical axis by bending the optical system with a 
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prism inserted between lenses. (See Japanese Patent Laid- 
open No. 248318-1996 [Patent document 2]) 

Insertion of a prism is a very effective way to reduce 
the lens diameter and length (or to reduce the overall lens 
size) for the optical system having the positive refracting 
power at the object side and the negative refracting power 
at the image side, in the case of conventional lens -shutter 
cameras for silver salt film. Unfortunately, it does not 
permit microlenses to fully exhibit their condensing per- 
formance because microlenses have the exit pupil near the 
image surface and are arranged in front of the solid-state 
imaging element. The problem is that the image brightness 
extremely varies in going from the image center to the 
image edge. 

The object of miniaturization is not fully achieved in 
the optical system equipped with a solid-state imaging 
element (which is disclosed in the patent document 1) , 
because the optical system employs a negative lens group as 
the last lens group which is limited in power. The object 
of miniaturization is not fully achieved either in the 
optical system disclosed in the patent document 2, which is 
designed to reduce the size in the direction of the optical 
axis by bending the optical axis with a prism inserted in 
the positive-negative-positive-positive zoom type, because 
the optical system employs a front lens and a reflecting 
member which are large in size. 
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Disclosure of the Invention 

The present invention was completed to address the 
above-mentioned problems. Thus, the present invention is 
directed to a zoom lens and an imaging device equipped 
therewith. The zoom lens is composed of a plurality of 
lens groups arranged at variable intervals and hence is 
capable of power variation. Moreover, it contains a re- 
flecting member to bend the optical axis, and its lens 
groups are characterized in that the last lens group 
(counted from the object side) consists of a negative lens 
group and a positive lens group, with an air layer inter- 
posed between them, which are sequentially arranged from 
the object side . 

In addition, the present invention is directed to a 
zoom lens and an imaging device equipped therewith. The 
zoom lens is composed of a plurality of lens groups ar- 
ranged at variable intervals and hence is capable of power 
variation. Moreover, it has the lens groups which are 
characterized in that the last lens group (counted from the 
object side) has a negative refracting power and consists 
of a negative lens group and a positive lens group, with an 
air layer interposed between them, which are sequentially 
arranged from the object side. 

The advantage of the present invention is that the 
entire lens system can be miniaturized and the position of 
entrance pupil can be placed away from the image plane. 
This leads to size reduction and thickness reduction for 
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the zoom lens and the imaging device equipped therewith. 

Brief Description of the Drawings 

Fig. 1 is a diagram showing the lens arrangement of 
the zoom lens in the first example, which is adjusted to 
the end position of the short focal length. 

Fig. 2 is a diagram showing the lens arrangement of 
the zoom lens in the second example, which is adjusted to 
the end position of the short focal length. 

Fig. 3 is a diagram showing the lens arrangement of 
the zoom lens in the third example, which is adjusted to 
the end position of the short focal length. 

Fig. 4 is a diagram showing the lens arrangement of 
the zoom lens in the fourth example, which is adjusted to 
the end position of the short focal length. 

Figs. 5A to 5C are diagrams showing the aberrations 
which the zoom lens in the first example experiences when 
adjusted to the end position of the short focal length. 

Figs. 6A to 6C are diagrams showing the aberrations 
which the zoom lens in the first example experiences when 
adjusted to a position of the intermediate focal length. 

Figs. 7A to 7C are diagrams showing the aberrations 
which the zoom lens in the first example experiences when 
adjusted to the end position of the long focal length. 

Figs. 8A to 8C are diagrams showing the aberrations 
which the zoom lens in the second example experiences when 
adjusted to the end position of the short focal length. 
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Figs. 9A to 9C are diagrams showing the aberrations 
which the zoom lens in the second example experiences when 
adjusted to a position of the intermediate focal length. 

Figs. 10A to IOC are diagrams showing the aberrations 
which the zoom lens in the second example experiences when 
adjusted to the end position of the long focal length. 

Figs. 11A to 11C are diagrams showing the aberrations 
which the zoom lens in the third example experiences when 
adjusted to the end position of the short focal length. 

Figs. 12A to 12C are diagrams showing the aberrations 
which the zoom lens in the third example experiences when 
adjusted to a position of the intermediate focal length. 

Figs. 13A to 13C are diagrams showing the aberrations 
which the zoom lens in the third example experiences when 
adjusted to the end position of the long focal length. 

Figs. 14A to 14C are diagrams showing the aberrations 
which the zoom lens in the fourth example experiences when 
adjusted to the end position of the short focal length. 

Figs. 15A to 15C are diagrams showing the aberrations 
which the zoom lens in the fourth example experiences when 
adjusted to a position of the intermediate focal length. 

Figs. 16A to 16C are diagrams showing the aberrations 
which the zoom lens in the fourth example experiences when 
adjusted to the end position of the long focal length. 

Best Mode for Carrying Out the Invention 

The invention will be described in more detail with 
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reference to its preferred embodiments. The zoom lens 
demonstrated in the embodiments is a compact one intended 
for use with imaging devices such as video cameras and 
digital still cameras. The present invention covers a zoom 
lens of the type having a plurality of lens groups and 
varying in power in response to variation in intervals 
between the lens groups, which comprises a reflecting mem- 
ber to bend the optical axis passing through the lens 
groups and a last lens group (counted from the object side) 
which is composed of a negative lens group and a positive 
lens group, with an air layer interposed between them (ar- 
ranged sequentially from the object side) . The present 
invention also covers an imaging device equipped with an 
imaging element which converts the optical image formed by 
the zoom lens into electrical signals. 

In the zoom lens according to the present embodiment, 
the lens groups should preferably be constructed such that 
the first lens group (counted from the object side) is 
stationary and contains said reflecting member. Moreover, 
in the zoom lens according to the present embodiment, the 
lens groups should preferably be constructed such that the 
last lens group (counted from the object side) has a nega- 
tive refracting power. 

In the zoom lens according to the present embodiment, 
the negative lens group of the last lens group should pref- 
erably satisfy the condition defined by the inequality (1) 
below. 
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0.9 < |fa/fw| < 1.25 
where, fa denotes the focal length of the negative lens 
group in the last lens group, and fw denotes the focal 
length at its wide end. 

The inequality (1) given above defines the focal 
length of the negative lens group in the last lens group. 
If the focal length is smaller than the lower limit of the 
inequality (1) , then it would be difficult to correct the 
edge coma and the chromatic aberration of magnification. 
If the focal length is larger than the upper limit of the 
inequality (1), then the negative lens group has a weak 
power which prevents miniaturization. 

The zoom lens according to the present invention may 
be composed of a plurality of lens groups alone, with the 
above-mentioned reflecting member omitted. Incidentally, 
in the case where a prism is used as the reflecting member 
to bend the optical axis, it is desirable to select one 
which is made of glass with a high refractive index. 

(EXAMPLES) 

A description is given below of the examples of the 
present invention. Fig. 1 is a diagram showing the lens 
arrangement of the zoom lens in the first example. The 
arrows in the figure represent the loci along which the 
lens groups move in going from the wide end position to the 
tele end position. The zoom lens in the first example 
consists of a first lens group GR1 (positive) , a second 
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lens group GR2 (negative) , a third lens group GR3 (posi- 
tive) , a fourth lens group GR4 (positive) , and a fifth lens 
group GR5 (negative) , which are arranged sequentially from 
the object side. The first lens group GR1 consists of a 
negative lens Gl, a rectangular prism G2 to bend the opti- 
cal axis through 90°, and a positive lens G3 having aspher- 
ical surfaces on both sides. 

The second lens group GR2 consists of a negative lens 
G4, a negative lens G5, and a positive lens G6 , which are 
cemented together.. The third lens group GR3 is a positive 
lens G7 having aspherical surfaces on both sides. The 
fourth lens group GR4 consists of a positive lens G8 having 
an aspherical surface at the object side and a negative 
lens G9, which are cemented together. The fifth lens group 
GR5 consists of a negative lens G10 and a positive lens Gil, 
which are cemented together, and a positive lens G12. 
Incidentally, "LPF" denotes a filter, "CG" denotes a cover 
glass, and "IMG" denotes the receiving surface of the imag- 
ing element . 

Fig. 2 is a diagram showing the lens arrangement of 
the zoom lens in the second example. The arrows in the 
figure represent the loci along which the lens groups move 
in going from the wide end position to the tele end posi- 
tion. The zoom lens in the second example consists of a 
first lens group GR1 (positive) , a second lens group GR2 
(negative) , a third lens group GR3 (positive) , a fourth 
lens group GR4 (positive) , and a fifth lens group GR5 
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(negative), which are arranged sequentially from the object 
side. The first lens group GR1 consists of a negative lens 
Gl, a rectangular prism G2 to bend the optical axis through 
90°, and a positive lens G3 having aspherical surfaces on 
both sides. 

The second lens group GR2 consists of a negative lens 
G4, a negative lens G5, and a positive lens G6 , which are 
cemented together. The third lens group GR3 is a positive 
lens G7 having aspherical surfaces on both sides. The 
fourth lens group GR4 consists of a positive lens G8 having 
aspherical surfaces on both sides and a negative lens G9. 
The fifth lens group G5 consists of a negative lens G10 and 
a positive lens Gil. Incidentally, "LPF" denotes a filter, 
n CG" denotes a cover glass, and "IMG" denotes the receiving 
surface of the imaging element. 

Fig. 3 is a diagram showing the lens arrangement of 
the zoom lens in the third example. The arrows in the 
figure represent the loci along which the lens groups move 
in going from the wide end position to the tele end posi- 
tion. The zoom lens in the third example consists of a 
first lens group GR1 (positive) , a second lens group GR2 
(negative) , a third lens group GR3 (positive) , a fourth 
lens group GR4 (positive) , and a fifth lens group GR5 
(negative), which are arranged sequentially from the object 
side. The first lens group GR1 consists of a negative lens 
Gl, a rectangular prism G2 to bend the optical axis through 
90°, and a positive lens G3 having aspherical surfaces on 
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both sides. 

The second lens group GR2 consists of a negative lens 
G4, a negative lens G5, and a positive lens G6 , which are 
cemented together. The third lens group GR3 is a positive 
lens G7 having aspherical surfaces on both sides. The 
fourth lens group GR4 consists of a positive lens G8 having 
an aspherical surface at the object side and a negative 
lens G9, which are cemented together. The fifth lens group 
GR5 consists of a negative lens G10 and a positive lens Gil, 
which are cemented together, and a positive lens G12. 
Incidentally, "LPF" denotes a filter, "CG" denotes a cover 
glass, and "IMG" denotes the receiving surface of the imag- 
ing element . 

Fig. 4 is a diagram showing the lens arrangement of 
the zoom lens in the fourth example. The arrows in the 
figure represent the loci along which the lens groups move 
in going from the wide end position to the tele end posi- 
tion. The zoom lens in the fourth example consists of a 
first lens group GR1 (positive) , a second lens group GR2 

(negative) , a third lens group GR3 (positive) , a fourth 
lens group GR4 (positive) , and a fifth lens group GR5 

(negative), which are arranged sequentially from the object 
side. The first lens group GR1 consists of a negative lens 
Gl, a rectangular prism G2 to bend the optical axis through 
90°, and a positive lens G3 having aspherical surfaces on 
both sides. 

The second lens group GR2 consists of a negative lens 
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G4, a negative lens G5, and a positive lens G6 , which are 
cemented together. The third lens group GR3 is a positive 
lens G7 having aspherical surfaces on both sides. The 
fourth lens group GR4 consists of a positive lens G8 having 
an aspherical surface at the object side and a negative 
lens G9, which are cemented together. The fifth lens group 
GR5 consists of a negative lens G10 and a positive lens Gil, 
which are cemented together, and a positive lens G12 having 
an aspherical surface at the object side. Incidentally, 
"LPF" denotes a filter, "CG" denotes a cover glass, and 
"IMG" denotes the receiving surface of the imaging element. 

Tables 1 to 4 below show the specifications of the 
zoom lenses in Examples 1 to 4 . 

Table 1 
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TABLE 1 



FNo. = 3. 60 ~ 3. 82 ~ 4. 33 
f = 6.88 ~ 11.75 ~ 20.13 
W = 30.15 - 17.69 ~ 10.41 
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Table 2 

TABLE 2 



L 

FNo. = 3. 60 ~ 3, 91 ~ 4. 56 
f = 6,91 ~ 11.60 ~ 19.52 
£u = 29.96 ~ 17.97 *~ 10.74 
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Table 3 

TABLE 3 



FNo. = 3.60 ~ 3.80 ~ 4.36 
f = 6. 88 ~ 11.76 ~ 19.78 
ui = 30.17 ~ 17.74 ~ 10.58 
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Table 4 

TABLE 4 



FNo. = 3. 60 - 3. 81 ~ 4. 25 
f = 6.83 - 11.68 - 19.54 
oj = 30.24 ~ 17.80 10.72 
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1 0. 344007E-04 
1 -0.221 21 1E-04 
1 0. 258952E-03 
1 -0. 229359E-03 
1 -0. 546399E-04 


0. 306406E-05 
0. 318929E-05 
0. 203278E-04 
0. 279247E-04 
0. 645370E-05 
0.123335E-05 


-0. 204971 E-06 
-0. 244248E-06 
-0.141299E-05 
-0.2371 81 E-05 
-0.122235E-05 
0. 268354E-06 


0.288123E-08 
0. 430250E-08 
0. 205676E-O6 
0.270745E-O6 
0. 620922E-O7 
-0. 73701 7E-08 
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Symbols in the tables above mean as follows. 

F No. : F number 

F : focal length 

co : half field angle 

R : radius of curvature 

d : distance from one lens surface to next 

nd : refractive index for d-line 

vd : Abbe ' s number 

ASP : aspherical surface 

The shape of the aspherical surface is defined by the for- 
mula below. 



where, 

x : distance from the vertex of the lens surface measured 
in the optical axis 

y : height measured in the direction perpendicular to the 
optical axis 

C : paraxial curvature measured at the lens vertex 

e : conic constant 

A 1 : the i th aspherical constant 

Table 5 below shows the value of fa/fw in the inequal- 
ity (1) given above which is applicable to each of Examples 
1 to 4 . 
Table 5 



x = 
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Inequality (1 ) 


Example 1 


Example 2 


Example 3 


Example 4 


fa/fw 


1. 045 


1. 113 


0. 988 


1. 157 



Figs. 5A to 16C show aberrations observed in Examples. 
Figs. 5A to 5C are diagrams of aberrations in Example 1, 
with the zoom lens being adjusted to the end position of 
the short focal length. 

Figs. 6A to 6C are diagrams of aberrations in Example 1, 
with the zoom lens being adjusted to a position of the 
intermediate focal length. 

Figs. 7A to 7C are diagrams of aberrations in Example 1, 
with the zoom lens being adjusted to the end position of 
the long focal length. 

Figs. 8A to 8C are diagrams of aberrations in Example 2, 
with the zoom lens being adjusted to the end position of 
the short focal length. 

Figs. 9A to 9C are diagrams of aberrations in Example 2, 
with the zoom lens being adjusted to a position of the 
intermediate focal length. 

Figs. 10A to 10C are diagrams of aberrations in Example 2, 
with the zoom lens being adjusted to the end position of 
the long focal length. 

Figs. 11A to 11C are diagrams of aberrations in Example 3, 
with the zoom lens being adjusted to the end position of 
the short focal length. 

Figs. 12A to 12C are diagrams of aberrations in Example 3, 
with the zoom lens being adjusted to a position of the 
intermediate focal length. 
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Figs. 13A to 13C are diagrams of aberrations in Example 3, 
with the zoom lens being adjusted to the end position of 
the long focal length. 

Figs. 14A to 14C are diagrams of aberrations in Example 4, 
with the zoom lens being adjusted to the end position of 
the short focal length. 

Figs. 15A to 15C are diagrams of aberrations in Example 4, 
with the zoom lens being adjusted to a position of the 
intermediate focal length. 

Figs. 16A to 16C are diagrams of aberrations in Example 4, 
with the zoom lens being adjusted to the end position of 
the long focal length. 

In the diagram showing the spherical aberration, the 
ordinate represents the ratio to the open F value and the 
abscissa represents the defocus, and the solid line, broken 
line, and chain line represent respectively spherical aber- 
ration due to d-line, c-line, and g-line. In the diagram 
showing the astigmatism, the ordinate represents the image 
height and the abscissa represents the focus, and the solid 
line and broken line represent respectively the sagittal 
image surface and the meridional image surface. In the 
diagram showing the distortion, the ordinate represents the 
image height and the abscissa represents the distortion (%) . 

The zoom lenses according to the first to fourth exam- 
ples satisfy the inequality (1) as shown in Table 5. As 
shown in each diagram of aberration in the Example, each 
aberration with the zoom lense being adjusted to the wide 
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end position, the intermediate position (between the wide 
end position and the tele end position) , and the tele end 
position is properly corrected. 

The foregoing description is about some preferred 
embodiments of the disclosure of the invention and it is 
intended that the configurations and structures of all 
matter shown as preferred embodiments shall be interpreted 
as illustrative and not in a limiting sense. 

Therefore, the present invention contributes to the 
improvement (in image forming performance) and miniaturiza- 
tion of the zoom lens to be used for video cameras and 
digital still cameras. 

Industrial Applicability 

The zoom lens pertaining to the present invention may 
be applicable not only to imaging devices such as digital 
still cameras and digital video cameras but also to other 
imaging devices to be built into mobile phones, personal 
computers, and PDA (personal digital assistance) . 
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Abstract 



A zoom lens with a reduced thickness and size in the 
depthwise direction 

consists of a plurality of lens groups (GR1 to GR5) , 
so that it varies in power in response to variation in 
intervals between the lens groups. The zoom lens also has 
a prism G2 to bend the optical axis passing through the 
lens groups (GR1 to GR5) . The last lens group G5 (counted 
from the object side) is composed of a negative lens group 
and a positive lens group, with an air layer interposed 
between them (arranged sequentially from the object side) . 
The present invention also provides an imaging device 
equipped with an imaging element to convert the optical 
images formed by said zoom lens into electrical signals. 
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